components of gram-negative bacteria. In mammals,
exposure to LPS causes septic shock through a TLR4-
In the Rel-independent group, we identified several transcripts that were indicative of other signaling events. dependent signaling pathway (Poltorak et al., 1998 ). Therefore, we tested the effect of removing SAPK/JNK activity on LPS-induced transcripts. As hemocytes and have also been used as a model system to study JNK and other signaling pathways (Han and Ip, shown in Figure 2A , mkk4/hep dsRNA-treated cells loose the ability to induce the Rel-independent cluster, 1999; Sluss et al., 1996) . LPS-responsive induction of the antimicrobial peptides AttacinA (AttA), Diptericin (Dipt), indicating that LPS signaling branches downstream of Tak1 into separate Rel-and JNK-dependent branches and Cec was shown to rely on IKK and Relish (Silverman et al., 2000) . In order to obtain a broad overview on (see also Figure 2B ). To validate the results obtained from the microarray experiments, we performed quantithe transcriptional response to LPS in Drosophila, we generated genome-wide expression profiles of SL2 cells tative PCR (qPCR) using puc and cec mRNA levels as indicators for Imd/Rel-or Mkk4/Hep-dependent pathat different time points following LPS treatment. Figure 1A shows the hierarchical clustering of 238 ways. Additionally, we tested the effect of removing imd, which, in vivo, acts upstream of Tak1, to clarify whether, genes that passed our filtering criteria (see Experimental Procedures). In time-course experiments, we observed in addition to Tak1 The analysis of expression profiles showed that, while previous results, we reasoned that the temporal waves SAPK/JNK and Rel signaling are controlled by the same of transcriptional activity in SL2 cells might reflect differImd/Tak1 cascade, they appear to have different feedent signaling pathway contributions. We therefore asked back loops. Whereas Rel signaling induces Rel expreswhether selectively removing signaling components by sion and thereby generates a self-sustaining loop, pos-RNA interference (RNAi) would block induction of all, or sibly leading to the maintenance of target gene only parts, of the transcriptional response to LPS. expression, the SAPK/JNK branch induces an inhibitor We first investigated the effect of removing key or rel and thereby establishes a self-correcting feedback loop. by RNAi. As shown in Figure 2A, Supplemental Figure S3 ). Different temporal profiles of 1995a, 1996). As previously shown, dipt induction is not detectable in our expression profiles in either a rel or gene expression can be detected in our analysis; clusters of genes differed significantly in the timing and key mutant background, whereas its expression is not affected in tub mutants ( Figure 4B ). In contrast, drs relies persistence of induction. For example, whereas many genes are expressed transiently shortly after infection on Tub to convey a Toll-dependent signal. Consistently, our expression profiles show that, in a tub mutant back-(see Supplemental Figure S3 ), others are induced late and are still upregulated at a 72 hr time point. A signifiground, drs expression is diminished ( Figure 4B ). These experiments showed that the analysis of our mutant cant number of genes of both early and late clusters were differentially expressed at a 6 hr time point after expression profiles can be used to deduce signaling requirements for distinct target groups. infection, which we chose for further analysis.
We then examined the signaling requirements for Toward a computational annotation of signaling pathways, we employed a pattern-matching strategy to rank these differentially expressed transcripts in mutant alleles of known Toll and Imd/Rel pathway components, transcripts by similarity to bona fide Toll or Imd/Rel pathway targets, such as dipt and drs. We analyzed a reasoning that we might uncover additional pathways by analyzing patterns that cannot be reconciled with set of 91 transcripts that matched our filtering criteria for differential expression at a 6 hr time point after septic expected signaling patterns. Flies homozygous for lossof-function mutations in tub, key, or rel were infected injury. To determine their dependence on known immunity signaling pathways, we calculated the correlation with gram-negative and gram-positive bacteria, and expression profiles were generated for a 6 hr time point coefficients of the individual gene expression level in mutant backgrounds to binary Toll or Imd/Rel patterns after infection. In addition, noninfected Tl 10b , a gain-offunction allele of the receptor, and cact, a homolog of (Table 1) . Genes were subsequently ordered according to their correlation coefficients for each pathway signathe inhibitory factor IB, were used to monitor transcripts that are constitutively expressed in gain-of-functure. Using this strategy, we separated transcripts that primarily belong to either the Toll or Imd/Rel pathway tion signaling mutants. The antimicrobial peptides dipt and drosomycin ( Figures 4F-4H) .
2000). Since our previous results demonstrated that the ex-JNK and JAK/STAT Signaling Control Subsets of Septic Injury-Induced Genes
pression of cytoskeletal genes after LPS stimulation is dependent on a JNK cascade, we examined whether We reasoned that the patterns observed in our mutant analysis might reflect the contributions of additional sigremoving JNK activity in vivo affects the induction of fln. In Drosophila, JNK signaling pathways have been naling pathways. Also, these noncanonical clusters show distinct temporal expression patterns ( Figure 4E previously implicated in epithelial sheet movements during embryonic and pupal development, a process that and Table 1 
